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Nuclide 28" am

Half-Life = 1.41E+02 v
Average or mean lifetime = Z.03E+02 v
Specific Activity = 3.88E+11 Bgfg
Heat Generation:
Isotopic Power{a) = 1.57E-03 wrfg
Isatopic Power{a+f) = 4,18E-03 wi/fg
Isotopic Powerf{a+B+y) = 4.49E-03 W/g
Neutron Emission:
Spontaneous Fission Rate = 5.861E+01 g1 57t
Gamma Emission:
Specific Gamma Dose Rate at 1m.= 1.02E-01 psw/MBqg.h
Ratliotoxicity:
Annual Limit of Intake (ALI) for Inhalation® = 5.71E+02 Bq
annual Limit of Intake {ALI) for Ingestion® = 1.05E+05 Bq
Derived air concentration (DAC)* = 2.38E-01 Bq/m3
Derived water concentration (DWC)* = 1.15E+02 Bgflitre
Packaging & Transport:
Activity limits for special form materials, A1 = 10 TBq
Activity limits for normal form materials, A2 = 0.001 TBg
Mass(Al) = 2.58E-11 g
Mass(az) = 2.58E-15 g

*Based on Referance annual Dose: 0,02 Sv for workers, For members of the public, the reference annual dose is 1mSv and these numbers should be reduced
by a factor 20,
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{Courlesy of the Acfinide Group, Instifule for Transuranium Elements)

(Tt. profos, first). The first isotope of element 1 to be discovered was 234133, also known as U, a short-lived member of the naturally ocoutting 238y decay series. [t was identified by K. Fajans and O H.

Gohting it 1913 and the named the new element brewium. When the longer-lived isotope 231py was identified by Hahin and Meitner in 1918, the name protoactinium was adopted as being more consistent with
the characteristics of the most abundant isotope. Soddy, Cransoty, and Fleck wete also active in this wotk. The name profoacfinium was shottened to profacfinium in 1949, In 1927, Grosse prepared 2mg of a
white powder, which was shown to be PagOs. Later, in 1934, from 0.1 g of pure Pay0 5 he isolated the element by two methods, one of which was by convering the oxde to aniodide and "cracking” itin ahigh

wacuun by an electrically heated filament by the reaction:

IPal; — 2Pa+ 31,

Protactinium has a bright metallic uster which it retasins for some time in air. The element ocours in pifchblende to the extent of about 1 part 231ps 10 10 million of ore. Ores from Zaire have shout 3 .

Protactitium has 20 isotopes, the most common of which is 231py with a hatflife of 32,700 weats. A mumber of protactiniom compounds are knowy, some of which are colored. The element iz superconductive
below 14K, The element is o dangerous material and requites precautions similar to those used when handling plutontum. In 1959 and 1961, it was announced that the Great Britain Atomic Energyr Authonty
extracted by a 12-stage process 125 g of 99.9% protactinium, the world's only stock of the metal for many years to come. The extraction was made from 60 tons of waste material at a cost of about $300,000.
Protactindum is one of the rarest and most expensive naturally occurting elements. The element iz an alpha emdtter (3.0 eV and is a radiological hazard similar to poloniom.
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©Videos m

@5earch for Super Heavy Elements in
nature

©5uper Heavy Elements at GSI
©@Production of Super Heavy Elements at
GANIL

©@Heavy nuclei start to shape up by Sigurd
Hofmann

@ Accelerator radiocarbon dating of art,
textiles, and artifacts

©@The Dawn of Radiochemistry By 1.P. Adolf
and H.J. MacCordick

©@The Discovery of Uranic Rays: A Short
Step for Henri Becquerel but a Giant Step
for Science By Michel Genet

©@Laser spectroscopy probes the nucleus by
John Griffith and Jon Billowes

©238Pub2 Heat Sources: An Enabling
Technology for Space Exploration by T.G.
George

©@Titanium-44 gets a lifetime From Stan
Woosley and Roland Diehl

@ Light plays tricks with nuclei by Phil
Walter

©@Paving the way for nuclear polymers by
Wolfram van Derlzan

@An Introduction to radiation Hormesis
©@Chadwick's discovery of the neutrons
Q@Historitical review of Cf-252

©@High background reaction areas around
the world

©@The Cause and the MNature of Radioactivity
{Rutherford & Soddy)

@Intra-atomic charge (Soddy)
@Technicium in nuclear medecine

@ Muclear Oncology

@ Radioactivity - A tool to explore the past
@ Laws of Nature

@ Elements
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Another document, a comentary on the Hook of Habbakuk (one of the "pesher" mentioned eatlier),
containg aflusions to a prophetic figure called the "Teacher of Righteousness." Some wiiters have
speculated that this hterary figare can be associated with Clrist. Our radiocarbon age of 2054422 vears
BEP altmost certainly assigns this docunent to the pre-Christian period, with a calibrated age at 1203 EC
(95 percent confidence). This also demonstrates the achievable precision of such work. The Dead Sea
Seroll measurements were done with precision in radiocarbon age of as little as £20 years, which are

somme of the best measurements ever made by AMSI 4 dating. Car results are repotted in two papers
(Jull et al, 19935) for those interested in more detail.

Asian Texfiles

| Another application of AMS to the dating of artistic works has been to alarge number of & sian textiles,
patticulatly silks. Mogt of the samples we have studied originated either from musewns or from att
| dealers. Many of the materals appear on the market from time to time, sometimes from unidentified
soutces. [t has become critical to buyrers of such textiles that they know the age of the matetial Dating
silk catn be problematical, as cleaning the material is very important. We have adopted a series of
sequential solvent extractions in addition to the standard acid-base-acid pretreatment for silk samples.
Some of the silks dated are very well preserved and gquite beautiful in appearance.

Figute 10 shows a 16th centuy Indian textile that we dated on
A behalf of a conunercial client. This textile, showing elephants,
was dated to 1440-1650 AD (95 percent confidence). Two other
examples are also shown. Figure 11 shows a blue embroidered
tobe collar with hirds in flight This material was expected to be Yuan dynasty (1279-1362 AL, Cur 95
petcent confidence calibrated age for this sample was 13281454 AD. We have alzo applied our methods
with great success to other textiles, migs, and carpets.

Wooden materials

Dating of wooden materials such as statues, furniture, tools, and other implements can also be carried
out using AL methods. An example of an earlier measurement by our laboratory (Fig. 12) is shown as
at exatuple. In the case of wooden atifacts, the age of the wood may add to the appatent age of the
object. For example, if someotie were to make a statue from a tree which had 100 years of tree tings, the
age of the older wood might give an apparent age older than the actual tite of fabrication. This problem
caty be minitmdsed by taking several samples from opposite ends of the wood.

il
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Glossary of Muclear Science

@ Classical Scientific Papers

@ Historical

S People

@ MNew Elements

@ 0rigin of nuclides

@ Introduction to Radiation and Radioactivity
@ Applications of Radionuclides
Nuclear Physics course movies
@ Archaeology

@ Aircraft Radiation Exposure
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Table of Isotopes

Chart of Muclides
Stable Muclides and the Ling of Beta Stahility
Mean Binding Energy per Mucleon

Mean Binding Energy per Mucleon for light Muclides

Radioactive Decay and Equilibrium

Binding Energy and Transrmutation of Nuclides with Odd Mass Numbers
Binding Energy and Transrmutation of Muclides with Even Mass Numbers
Decay of the Daughter Muclide and its Formation from the Mother MNuclide

Secular Equilibriurm

Transient Equilibriurn
Half-life of Mother Muclide Shorter than that of Daughter Nuclide - Mo Radioactive Equilibriurm

+« Several Successive Transformations: Decay DfﬁF’_D

Relation Between the Range of o particles in Air and the Decay Constant i

Decay Scheme Df%
Radioactive Equilibrium &s a Function of t/ j-(2)

Alpha, Beta and Gamma Decay Modes

ecay Scherme of 108,
ecay Schere of 210pg
eta Spectrum of 147p
eta Spectrurm of 8hcy

Cross-Sections and Muclear Reactions

Schematic Explanation of the Cross Section of a Nuclear Reaction
Cross Sections for Ag for Meutron Absorption as a Function of the Energy of the Neutrons
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